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Abstract

Honeywell expended a level of effort of 1779 hours of professional, technical,
and support labor toward the demonstration of technical performance and physical
capability of the subsystem modules required for an Electronic Joint Army/Navy
P.D./Delay Fuze. The primary objective of this program was to develop an elec-
tronic system which can meet both the Army and Navy large caliber fuze re-
quirements and be cost competitive with existing mechanical fuzes. Specific
tasks included: requirements definition, systems analysis, subsystem develop-

ment, subsystem testing, reliability and safety analysis, and documentation.

The Electronic Joint Army/Navy PD/Delay Fuze will sense three environments and
it will have the hand selectable option of functioning on super quick or void
sensing with delay. The JAN fuze will evaluate the setback pulse, spin rate,

and the number of projectile revolutions before enabling fuze arming.
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I. Introduction

4}his report will Hescribe%work done and achievements made towards the completion
of the program objectives. The Requirements Definition, Subsystem Development,
Theoretical Analysis, System Integration, and the Reliability Analysis are dis-
cussed with an explanation of Fuze operation included in the System Integration
section. The conclusion includes a summary of the effort done and recommenda-

tions for further work.

The project engineer was Ed Stryker. Other technical personnel participating in

the project included:

Wade Williams: Lead Engineer 4
Alan Wendler: Electronic Design Engineer

Tom Cossette: Penetrator Design Engineer 1
Dan Vavrick: EPIC-2 Simulation

II. Requirement Definition

'

The requirements for the JAN PD/Delay Fuze are outlined tn Table I. The Navy and
Army Fuze requirements are similar except for weight, setback arming level, spin

arming level and arming distance, as shown by Table II.

The different weight requirements require separate Navy and Army penetrators,

while the different setback spin and arming distance requirements can be met

SRR e

during assembly with minimal part substitution and a jumper select option.
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Table I

JAN Reguirements

The following charts show the requirements for the JAN PD/Delay Fuze. The
Service label means that the Army and the Navy have different requirements, which
up to the present time cannot be harmonized, and therefore both the Army and Navy
requirements must separately be met.

Physical Requirements

Army Navy JAN
1. Contour MIL-STD-333A MIL-STD-333A MIL-STD-333A
2. Weight . 1.55+,051 1bs. 2.10+.055 1bs. Service
3. Settability Hand Hand Hand

Environmental Requirements

The JAN fuze shall meet the following tests of MIL-STD-331A:

Test No. Title
4. 101.2 Jolt
5. 102.1 Jumble
6. 103.1 Forty-foot Drop
7. 105.1 Temperature and Humidity
8. 107.1 Salt Fog
9, 108. Waterproofness
10. 1i1.1 1.5 Meter Drop
11. 113.1 Thermal Shock
12. 119. Transportation Vibration-Temperature

In addition the JAN and/or the Army and Navy fuzes shall meet the following
environmental requirements:

Army Navy JAN
13. Setback Force (g's) 28,000 26,000 30,000
14. Shock Start (kg/ms) —_— 50/.12 50/.12
15. Maximum Spin (rpm) 28,000 26,000 30,000
16. ?ax;mum Spin Eccentricity .060 .040 .060

in
17. Rain Insensitivity 25 7 25
at 2,700 fps (in/hr) (4mm drop) (2mm drop) (4mm drop)

Ramming Shock
18. Velocity Change (ft/sec) 20 8 20
19. Acceleration/Time (g's/ms) 5000/1 100/3 500/3 &

5000/1

P . il A L S ot Baind




Table I (Continued)
Safety Requirements

Army Navy JAN
20. Arming Distance (Min/Max Rev) 22/33 37/52 Service
21. No/All Arm Setback (g's/g's) 400/600 900/1400 Service
: 22. No/Al1 Arm Spin (spin/spin) 1100/1700 3000/4500 Service
= 23. reets MIL-STD-1316B except Yes Yes Yes
- or
' 24. Fail safe objective No No Yes
25. Anti-malassembly feature No Yes Service
26. Safing and Arming X-raying No Yes Service
MIL-STD-331A
27. Test No. 115.1 Static Detonator )
Safety Yes Yes Yes
28. Test No. 208.1 Impact Safe Yes Yes Yes
Distance
Functional Requirements
Army Navy JAN
| 29. Maximum Time of Super-Quick .200 .200 .125
f Function (ms)
30. Time of Delay Function (ms) 25 10 Auto-delay
or Select-
able 10
and 25
31. Perpendicular Penetration 12" Brick 1/4 Steel 12" Brick &
at Velocity of 2000 fps 1/4" Steel
32. Super Quick Perpendicular 2" Plywood 2" Plywood 2" Plywood
Sensitivity at 670 fps at 900, fps at 670 fps
33. Graze Function 15° 20° Service
34. Super Quick Reliability 97% 97% 98%
35. Delay Reliability 95% 95% 96%




st i

Non-Standard JAN Requirements

1.55 + .051 2.10 + ,055
No/A11 Arm Setback

No/A11 Arm Spin

Arming Distance

Units
1bs
9's
rpm

revolutions




III. Subsystems

The major effort of this program was expended in the development of six sub-

systems and excellent results were achieved in most areas.

A. Penetrators

The basic design parameters of the JAN fuze as specified in the contract are
contour, total weight and penetrability. Since penetration is primarily deter-
mined by the wall thickness of the penetrator nose, a major design objective is
to thicken the nose wall as much as possible without exceeding the weight con-
straints of the fuze. Both Army and Navy fuze versions (Figures 1 & 2) utilize a
plastic sleeve around the electronics module which, in effect, removes weight
from the neck of the fuze and concentrates it in the nose. This sleeve also
creates a modular assembly which enables the electronics package to be built and
tested as an integral unit before being permanently installed into the penetrator
housing. In order to maximize component commonality both fuzes have been de-

signed with identical interior cavities.

To meet the required lot, penetration, and contour specifications, the Navy
penetrator has been designed with a nose wall thickness of .400 inch. A .140

inch nose wall is considered sufficient to satisfy Army requirements.

As an aid for estimating effective projectile penetration, Honeywell has
developed a computer simulation called EPIC-2 and this computer simulation was

run for both the Army and Navy penetrators. The program assumed that the

penetrators were made of 4140 steel and that the target was made of 1010 steel.
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Both target and penetrator were assumed to have elastic strain hardening and the
target was assumed to have shear failure at static ultimate 31X. The reader may
refer to reference 1 for specifics about the computer program and reference 2 for

target Hugoniot data.

1) Johnson, G.R., "EPIC-2, A Computer Program for Elastic-Plastic Impact
Computations in 2 Dimensions Plus Spin," ARBRL-CR-00373, Honeywell

Inc., Hopkins, Minnesota, June 1978.

2) Kohn, B.J., “Compilation of Hugoniot Equations of State", WL-TR-69-38,

Weapons Lab, Kirtland Air Force Base, New Mexico.

The computer run simulating the impact of the Army penetrator to 4 inches of
concrete showed noticeable housing deformation at 24 4 sec., Figure 3. (The
design specification for the Army fuze calls for penetration of 12 inches of
brick at 2000 ft./sec., but we could find no computer compatible description for
brick, so the concrete substitute was used.) The deformation observed does not
prove that the Army penetrator will fail the 12 inch brick requirements, but it
does suggest that a review of the Army penetrator geometry and material is in

order.

The computer run simulating the impact of the Navy penetrator to 1/2 inch of 1010

steel, Figure 4, showed the penetrator penetrated the steel plate. This output

indicates that the Navy penetrator is ready for gun fire testing.
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B. Revolution Sensor

1. Theory

Counting the number of revolutions that a projectile makes is a reliable method
of determining when the projectile has travelled the safe separation distance and
thereby enabling the projectile to arm. Detecting projectile revolution can be
done by sensing the reversal of polarity of the earth's magnetic field, which
occurs once for each revolution, and using this phenomena to increment a counter,
The revolution sensor includes the actual sensor and the associated amplifier

needed to output a signal whose frequency is proportional to the spin rate.

2. Spin Fixture

A spin fixture was assembled to spin the sensor candidates for testing, see
Figure 5 and Figure 6. A sensor and associated electronics can be mounted in the
ogive connected to a variable speed motor via a four foot aluminum shaft, used to
minimize motor interference. Three carbon brush contacts and a chassis ground
enable up to four electrical connections to be made between the spinning ogive
and the monitoring equipment. A precise motor speed control was used to regulate

spin rate up to 3000 rpm, in either a C.W. or C.C.W. direction.

3. Sensors

The three sensors evaluated in this program consisted of two types of air core

coils (new coils and old coils) and a magnetoresistive bridge (M.R.B.).

Y
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The new coils, as described in the proposal, consist of two 1000 turns of #44

wire wound in a "horse-collar* shape approximately 2" high with a 1 1/2% base.

The coils are wired in series and mounted approximately parallel to each other.

The ol1d coils are from an earlier program and consist of two 250 turns of #26 wire
wound in a 2 1/2" x 1" oval. They are wired in series and mounted approximately

parallel to each other.

The magnetoresistive bridge magnetometer is a new device manufactured by
Honeywell SSEC. The major advantage of this sensor is its small size and process
compatibility with large scale integrated circuit technology. The M.R.B. and
signal processing electronics could be fabricated on a common silicon substrate
resulting in a high volume, low cost potential inherent in using large scale

integrated circuits.

The disadvantage of the M.R.B. over the coils is that it requires a bias current
of approximately 100 micro Amps, so it is not well suited for extremely low power

systems.

Appendix A includes a discussion of the Magnetoresistive Bridge Sensor.

4. Amplifier

The primary requirement for the Revolution Sensor Amplifier is that it be very
low power with high voltage gain. Several high impedance programmable CMOS
operational amplifiers were evaluated in addition to several MOS FET amplifiers.

14




The testing revealed that the Low Power OP Amps were better suited than the FET

amplifiers for use in the JAN system.

A three stage differential input amplifier was built using Intersil ICL7611BCPA
OP Amps for sensor evaluation, see Figure 7. This 55 db amplifier was run from a
10V supply and required approximately 30 micro Amps. Once sensor sensitivity
tests were completed the amplifier was modified to a 2 stage amplifier and the
gain was greatly increased causing the amplifier to easily saturate, outputting a
square wave used to clock the counter. This circuit, Figure 8, requires only 15-

20 micro Amps to operate and a sample output is shown in Figure 9.

5. Tests

Several test series were conducted to evaluate the sensor candidates. The first
set of tests measured sensor output as a function of compass direction. The
results of this test, see Figures 10, 11, and 12, show that the old coils have the
highest relative output and that the MRB is the most linear of all three sensors.
Since the critical factor in the operation of this type of revolution sensor is
the position of the sensor relative to the earth's magnetic field, the compass
direction data was manipulated to reflect degrees from the magnetic field as
shown by Figures 13 and 14. The graphs indicate that the sensors were sensitive

to + 10° from the earth's lines of flux.

The second series of tests involved sensor output vs spin rate and the data is
presented in Table [II. This test was done first with the spin fixture pointing
south at 30° elevation and then west at 0%. The data indicates that the M.R.B., is

the most sensitive sensor at low rpm and it has the most linear response as a

A~ e 151
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RPM
200
400
600
800

1000

1200

1400

1600

1800

2000

5

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Table III

Sensor Qutput V.S. Spin Rate (RPM)

South at 30°

01d Coils New Coils
0.2 0.2
1.0 0.6
2.2 1.2
4.0 2.3
6.0 3.5
8.5 5.0
10.0 7.2
10.0 9.5
10.0 10.0
10.0 10.0

1RB

0.6
1.2
1.8

3.0
3.6
4.2
5.0
5.5
6.0

(vin = 10.0 Volts)

West at 0°

0ld Coils New Coils
0.3 0.2
1.3 0.7
2.7 1.7
4.6 3.6
7.5 4.5
10.0 7.0
10.0 9.0
10.0 10.0
10.0 10.0
10.0 10.0




function of spin rate. Since the all-arm Army spin rate for JAN is 1700 rpm, the

coils are better suited for the revolution sensor since their output is higher

than the MRB at spin rates greater than 600 rpm.

The revolution sensor amplifier was modified to easily saturate, Figure 8, and
sensitivity window testing was done. Since the earth's magnetic lines of flux,
at Hopkins, MN., are incoming approximately south at 70°, the test was done with
the spin fixture pointing south. The sensitivity window, defined as that region
where a non-saturating output was observed, was recorded and those results are
presented in Table IV, It was found that the circuit had a window of 699 - 71° (+
1° sensitivity) when the new coils were tested with an applied voltage greater
than 6.5 volts. With only 4 volts, the circuit was sensitive to within + 3% of
the earth's lines of flux, so the revolution counter will probably run at 4 to
6.5 V. The magnetoresistive bridge was not as sensitive as either coil, so this
fact, in addition to the M.R.B.'s relatively large quiescent current (approxi-
mately 150 micro Amps), caused it to be rejected as the revolution sensor. The
old coils were also rejected since they are larger and not as sensitive as the

new coils.

C. Spin Rate Sensor

The proposed JAN spin rate sensor consisted of two piezoelectric (P.Z.) crystals
with weights attached, mounted an equal distance from the spin axis. The
crystals would be wired in parallel so only a centrifugal force, caused by the
projectile spinning, would yield a net voltage (~0.5V) from the two P.Z.
crystals. See Figure 15 & 16 for setup and Appendix B for a theoretical analysis

of the system. Earlier tests, as noted in the proposal, had an output range of 1-




TABLE IV

SENSITIVITY WINDOW V.S. INPUT VOLTAGE
FOR M.R.B., OLD COILS, NEW COILS

VOLTAGE IN M.R.B. WINDOW OLD COIL WINDOW NEW COIL WINDOW

10.0 67° - 72° 69° - 71° 69° - 71°

9.5 670 - 72¢ 69° - 71° 69° - 71°

9.0 67° - 72° 69° - 71° 69° - 710

8.5 67° - 72° 69° - 71° 69° - 1n°

: 8.0 67° - 72° 69° - 71° 69° - 71°
| 7.5 67° - 72° 69° - 71° 69° - 71°
' 7.0 67° - 72° 69° - 71° 69° - 71°
6.5 67° - 72° 68° - 72° 69° - 711°

6.0 67° - 72° 67° - 73° 68° - 72°

5.5 67° - 72° 66° - 75° 68° - 72°

5.0 66° - 73° 64° - 76° 67° - 73°

4.5 66° - 73° 63° - 77° 67° - 73°

4.0 66° - 73° 63° - 77° 67° - 73°

NOTE: A1l tests done with fixture pointing south
spin rate = 1000 rpm

25
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10V versus a load capacitance of .01 F to 500pf at 6500 RPM. For the Army A1l
2
Arm level of 1700 RPM YHIOSd = 11907 - 063 the voltage range vs.

capacitance becomes .07V to .7V for C = .01 F to 500pf. (The load capacitance
is needed both to slow the rise time and to store the signal). During this

program, we repeated the earlier test in a centrifuge and the spin fixture, but

we were unable to distinguish any signature out of the vibration and background
noise. (It is believed the earlier tests used a spin radius longer than the

allowable JAN radius).

An alternate approach of detecting spin rate as a function of the revolutions i

sensor frequency was developed and successfully demonstrated. Figure 17 shows

the circuit used. In order to get a signal out of the AND gate, the rate of

revolution must be faster than the time set by the one-shot. Figure 18 shows the

test circuit output vs. frequency.

D. Setback Sensor

The setback sensor consists of a piezoelectric crystal, a flexible printed cir-
cuit, a mass, and a discriminator. Upon setback, the mass compresses the P.Z.
crystal which outputs a voltage pulse to the electronic discriminator. The
discriminator consists of a peak clipper diode, passive integrator, comparator,
and a latch. The integrator time constant, clipper diode, and comparator thres-
hold regulate the criteria for an acceptable setback pulse and the latch will set

to remember a good pulse. (See Figure 19 for circuit and experimental data).
ﬁ The Army setback pulse amplitude requirement is 400 g's no arm and 600 g's all
arm, which corresponds to a no arm and all arm voltage of 3.2V and 4.7V, respect-

ively. The setback pulse duration was not defined, so a pulse greater than §
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msec, was considered all arm while a pulse less than 0.5 msec. was considered no

arm.

Testing of the setback sensor involved testing of the piezoelectric assembly on
two shock machines and also testing of the electronic discriminator. The results
from shock tests using a piezoelectric crystal (.132" x .2" dia.) as a sensing
element and a similarly sized weight ran into several praoblems. The small shock
machine in the lab was only able to reach 550 g's for 0.7mS (minimum JAN setback
is 600 g's for about 5mS). The results for various g's and durations are shown in
Figure 20. The problem of connecting from the crystal to the instrumentation
panel seems to have introduced excessive capacitance loading to the system. The
solid Tine on the graph represents the expected output from the crystal with a
150pF Tload (the crystal's capacitance is only 86pF). Attempts to use the large
shock tower, which can reach 30,000 g's, added even more cabling problems, as
shown on Figure 20. In both cases the longer pulse widths dropped off signifi-

cantly from the shorter pulse results.

These problems do not disqualify the sensor, which seems to be working well
despite the problems, but do imply that future tests should be conducted only in
a more integrated system, such as a P.Z. crystal and discriminator mounted on the

shock machine with a battery and a L.E.D. to indicate accepted pulses.

E. Impact Sensor
No development or testing was done with the impact sensor during this program.

It is believed that the impact sensor will consist of a piezoelectric sensor,

connected by a flexible printed circuit, epoxied in the electronics cavity. The
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P.Z. sensor will output a pulse train during impact, which will be detected by

the SQ/Delay circuit, as described in the System Integration Section of this

report.

F. P.D./Delay Circuit

was built and successfully

The Point Detonation/Delay Circuit, Figure 21,
tested. The P.D. or delay function is set by a selector switch and we located a
company, Greyhill, that makes a miniature version of its MIL-S3786 rotary switch
titled as "the world's smallest rotary switch." (This is the switch used in the

fuze body layouts.)

The PD/Delay subsystem, after being enabled by the S&A circuit, waits for a
signal from the piezoelectric impact sensor, which, in the superquick mode, will
fire the detonator. In the Auto Delay mode, the delay gate inhibits the deto-
nator fire signal until the impact (shock) signals stop, which indicates the nose
of the shell has penetrated the target, and after a short delay (~ 3 msec) the

detonator is initiated.

”~

G. Power Supply

Regquirements

Based on the current circuit configuration the power requirements of the system

should be:

Aoiintod cashanly,
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v
Circuit (Votts) I (4A) t (sec) e (ergs)
Setback Sensor 5 10 0.5 500
‘ Revolution Counter 5 20.5 1.5 1500
B & Spin Sensor
Impact/Delay 5 0.25 12.0 1500
3500 ergs
Bolts (3) & Detonator - - - 4000 ergs

The power supply will have to charge two capacitor banks for the logic and fire
circuits. The logic supply is broken down into three isolated sections, each
supplying one circuit area. The size of the supply will depend on the regulation
method used. The fire circuits will consist of four isolated capacitors each
with 1000 ergs stored on it, Their size will be a function of the initial voltage

required by the logic circuits (C = 2 E/VZ, E = 4000 x 10~/ Joules).

To maintain acceptable working voltages to the logic circuits, two approaches are

available: regulated and unregulated.

REGULATED (5V)

Ve(t) REGULATOR Ve = 3 ?
) |
St | ;
2 c e e _ :
g “ z REG CKT = v It |
= 3500 ergs

: 1

j

Vo(t) = vy -t/ é

35




¢, =¢C

z

sec:

CKT

= €rT * CREG

* Coes

Wcc (Vi - Vc)

the total energy requirements would be:

Assuming an average regulator current of 1y A over a maximum flight time of 120

epeg = (5) (LuA) (120 s) = 6K ergs. For varying initial levels of V (t)

ekt © 3500 ergs

L 50 1.6 20K 2.7 34K 54K
35 2.3 14K 4 25K 39K
t
' 10 14.0 7K 24 12K 19K (min)
i
Vi(volts) | Eperg (ergs)  Cpers (uF) | Er = Eiggrc * Eprs (ergs) | Cp = € + Cp (4
50 4K 0.32 58K 4.62
35 4K 0.68 43K 6.98
10 aK 8.0 23K 46.0
UNREGULATED (V, decaying to 5V)
V.(t)
v.2¢ B
Vi “CKT L_ _
- —= Cext g Rex COKT KT
T 5(5V] Tn (V.75V)
L .




The maximum operating voltage for CMOS logic is 18V.

of vc(t) the total energy requirements would be:

For varying initial levels

Vi(volts) CCKT‘“F) ECKT(ergs) EDETS(ergs) CDETSC“F) Cq Ey
18 11 18K 4K 2.5 13.5 22K
15 13 15K 4K 3.6 16.6 19K
12.5 15.3 12K aK 5.1 20.4 16K
10 20 10K 4K 8.0 28.0 14K

8.25 28 9.4 4K 12 40.0 13.4K

Reviewing the tables it is clear that the unregulated system requires less energy

(ergs) and also requires a power supply capable of charging a relatively large

capacitor bank.

Design

The two candidates for the environmental power supply were:

1) a magnetic supply

that breaks a magnetic circuit at setback to generate a current in a coil that

charges the capacitor bank and 2) a piezoelectric crystal that is powdered at set

back to release its charge (Q) which changes the capacitor bank (Q = CV).

The drawback to a piezoelectric supply is that since the charge (Q) available

from a given crystal is constant the energy derived from crushing it will de-

crease directly as a function of C




E=%cv2 Q= CV

-1 2
=l
2

|

73
This means that with a standard C-16 piezoelectric disc 0.4 inches in diameter,
it should be possible to get 20,000 ergs on a 0.1uF capacitor (200V). The same
crystal will only supply 400 ergs to a 5.F capacitor bank (4V). Coupled with the
fact that in a minimum setback firing reliably crushing the crystal would be very

difficult. The piezo supply was dropped from contention.

The magnetic supply proved more acceptablie to our power requirements. Based on
ARRADCOM computer simulation (Appendix C) the expected output from a supply using
1000 turns of #38 gaugewire with a 1,000 g sheer plate at a setback force of 1500

g's would be:

50 26.0K ergs

26.5K ’ergs
27.4K ergs

a
S= 20
32
o .6K ergs
= 10

T T T T T I U | |

° 2 4 6 8 10 12 14 16 18 20
Capacitance («F)
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The final data point 12.5V on 294aF of capacitance compared to the projected
unregulated system requirement of 12.5V on 20.4.cF (16K ergs) indicates that the

magnetic supply %s a viable power source for the JAN fuze.

H. Explosive Barrier Module (EBM)

The EBM is assumed to be successful so no work was done on it in this program.

The EBM major requirements are:

0 Each of three interlocking bolts shall be locked in the unarmed posi-

! tion during handling, shipping, storage, jolt, jumble, 40 foot drop,

spin to 20,000 rpm, and setback to 30,000 g.

o The bolts shall be interlocked such that bolt No. 1 must be moved

first, bolt No. 2 moved second and bolt No. 3 moved last.

0 Bolt No. 3 carries the M55 detonator and positions it in the armed

position.

0 The bolts must be locked in the armed position through the trajectory

environment.

0 Each bolt is positioned by explosive energy drivers requiring an ini-

tiation energy of 500 ergs.

0 The fourth explosive energy device, when the EBM is armed, is posi-
tioned in line with the M55 and is used to detonate the M55 which

initiates the explosive train and the main charge.




0 Bolt No. 3 is red; bolts No. 1 and 2 are green to provide visual armed

indicators shown in Figure 22.

The explosive barrier module is being designed with independent electrical con-
nections to each explosive energy device to prevent cross talk. The physical
size is compatible with the Electronic JAN PD fuze. The four explosive energy
driver bridgewires are applied by thin-film vacuum deposition processes for low
cost. The bridge is then coated with the driver charge of lead styphanate. No
lead azide is used. Honeywell is presently under contract to demonstrate the

feasibility of the EBM.

IV. System Integration

This section will describe how all subsystems and concepts will be integrated to
form a working JAN fuze. The packaging will be illustrated and then a discussion

of the system electronics will be given.

A. Packaging

Figure 23 shows the JAN fuze configuration. The revolution sensing coils and
magnetic power supply will be mounted outside the penetrator and encapsulated,
forming the potted ogive. The penetrator cavity will primarily contain the
setback sensor, impact sensor, power supply capacitors, and custom I1.C. The
selector switch, piezoelectric setback crystal, and piezoelectric impact sensor
will be connected by flexible printed circuit boards to ease assembly. The

Explosive Barrier Module and Booster will mount towards the bottom of the fuze.
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FIGURE 23
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Two models were built to show the proposed packaging and they are shown in Figure

24 and Figure 25.

B. Circuit Operation

A breadboard display circuit, Figure 26, was built and successfully tested. This
circuit can be modified to a tactical circuit by removing the display circuit and
adding a firing circuit which will contain the dets. and separate firing capaci-

tors.

Upon setback, the environmental power supply will be activated causing the power
supply/reset circuit to charge several supply capacitors and output a power on
reset to initialize all logic. The subsystems will process sensor outputs and
transmit information about acceptable environments to the system logic, which
will function the EBM and final detonator. The EBM must receive all three

signals in proper sequence, or it will not arm the fuze.

Four isolated supplies are created and used so certain subsystems are turned off
after functioning, thereby minimizing system energy requirements. Supply V1 is
used to operate the setback detection circuit for 0.5 seconds, which will have
caused EBM bolt 1 to move within this time, assuming an acceptable pulse was
detected. Supply V2 will operate the revolution counter amplifier, revolution
counter, and spin rate detector for 1.5 seconds, which is sufficient time to
detect an acceptable spin rate, causing EBM bolt 2 to move, and to count the
correct number of revolutions, causing EBM bolt 3 to move and the fuze to arm.
Supply V3 is used to operate the Super Quick/Auto Delay circuit for 120 seconds,

which waits for impact and will output a fire signal to the detonator at initial
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impact or after void sensing plus a short delay, as determined by the function

switch. Supply V4 is used to operate the LED's in the display circuit, but V4 in
the tacticai version will consist of four diode isolated capacitors used to fire

the three EBM detonators and the main detonator.

The revolution counter is used to count revolutions and to sequence the EBM
functioning. The outputs to the EBM are enabled by the revolution counter, which
eliminates the possibility of simultaneous EBM bolt movement and thereby gives

each bolt sufficient time to stabilize.

V. Reliability and Safety Analysis

A reliability prediction and a safety analysis were performed for the JAN fuze.
The reliability study, Appendix D, yielded a .977 predicted reliability. This
prediction was reached by evaluating the shock survival reliability and the
operational reliability, and the primary conclusion was that the fuze will func-

tion if it survives setback.

The Safety Analysis, Appendix E, was conducted by comparing the fuze to MIL-STD-
13168 (Safety Criteria for Fuze Design). The fuze design should comply with the

intent of MIL-STD-1316B, and it should have a safety failure rate of less than

one in a million.

VI. Conclusions and Recommendations

The major emphasis of this program was in the subsystem design and development.

An Army and Navy penetrator was designed and run with the EPIC~-2 computer simula-
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tion program and the Navy version showed no housing deformation with 1/2" steel

while the Army penetrator showed noticeable deformation with 4* of concrete. The
revolution sensor was.made to be sensitive to within + 19 of the earth's magnetic
field while requiring only 20 micro Amps to function. The proposed piezoelectric
spin rate sensor was tested, but good results were not observed, so an alternate
spin rate sensor which utilizes the revolution sensor output was designed,

tested, and proven.

A piezoelectric setback sensor was tested which yielded ambiguous results, while
excellent results were achieved with setback discriminator testing. The Point
Detonation/Void Sensing circuit was developed and successfully tested. The
piezoelectric power supply was rejected due to insufficient energy output and the
magnetic environmental power supply was chosen for the fuze. No testing was done
with either the impact sensor or the EBM. The system control logic was developed
and built into a demonstration unit which contains LED's to indicate the firing
of the three EBM bolts and the main detonator. The reliability prediction is

.977 and the estimated safety failure rate is less than one in a million.

Recommendations for further work include additional testing and subsystem de-
velopment. Further setback sensor testing is needed and it would involve mount-
ing a piezoelectric setback sensor, discriminator circuit, battery, and LED on
the shock machine so acceptable pulses would be indicated by the LED. The backup
delay for the void sensor should be added to the circuit and tested. Revolution
sensor tests could be done where a study would be conducted to determine the
minimum number of turns needed in the sensing coils to yield sufficient sensi-
tivity. Further work can be done on the revolution amplifier and system logic to

attempt to reduce power consumption and testing should be done to determine if




B . L

the system will run off of a typical magnetic supply energy output. Gun firing
testing is needed to evaluate the fuze at a system level. A battery would be used
to power the electronics for all gun firing tests, which could consist of a soft
catch test to evaluate electronic setback survivability and functioning, and/or
impact tests to evaluate penetrator performance and impact sensing. Modifica-

tions to the penetrator and subsystems would be made as needed, and retesting

would be done as time and funding allow.




VII. Appendix A *
Magnetoresistive Bridge Sensor
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APPENDIX A - MAGNETORESLSTIVE BRIDGE SENSOR

Sensor Corafiguratlon

The integrated magnetometer sensing element consists of four Nickel-
[ron (NiFe) thin film magnetoresistors connected 1n a bridge configuraticn
as shown in Figure A-1, The magnetoresistive response of the resistor
elements is controlled such that R‘ and R4 increase with an increase in
applied H field, and Ro and Ry decrease with an increase in applied field,
The resultant output signal V', is proportional to the magnetically induced

resistance changes, (:%:_{), and the bridge bias voltage V- Resistors Ry,

Ry, Rj3, and R, are sputter deposited films and have identical temperature,

electrical and noise characteristics,

The Mignetores istive biffect

The operation of the magnetometer is based on the fact that the resis-
tance of a single thin film NiFe resistor is a function of an applied magnetic
field., This magneto-resistive phenomena is explained by considering a
simple element of thin ilm NiFe as shown in Figure A-2., The vector N
represents the "easy axis'' magnetization of the sample as established by
the deposition process and the element geometry, The voltage, V, results
in a current vector | that is parallel with M. Tre magnitude of Tis of
course related to the resistance, R, of the thin film element along the
direction of_l;. When an external magnetic field, ﬁ, 1s applied normal w1
and ﬁ, the resultant magnetization vector Iﬁ. is rotated from the current
vector'Tby some angle 5. M is a function of TI and the demagneticizing
forces within the element. The element resistance with the application of

Bis Ziven by:
R = Ho * _}‘{
(l-cosze)

and AR = .M(m

where: R, = resistance of element with 11 - 0
AR, maNs . resistance change = tvpically 2-3 percent
of R“
The statie transte. fanvtion of 2 typical elesent s hown in Fipare A-3.

The response is gu.iiv neplinear near the ovigin ~id also near the saturation
point at 9 = 7 "2 iyl

A-1




The region from ¢ = ;—— to %: is nearly linear and also provides the
area of zreatest sensitivity, These desirable characteristics can be realized
by magnetically biasing each magnetometer bridge element to operate about

¢ point A, The hiasing scheme used in the integrated magnetometer is dis-

cussed below.

Biased Magnetometer

The quiescent operating point of the integrated magnetometer can be
achieved by controlling the initial angle between T and M'. This angle is
achieved by placing a thin film permanent magnet over resistor elements that
are oriented n/4 radians with respect toc the bias field and the sengitive axis
of the magnetometer as shown in Figure A-4. The resistor elements are
processed with the magnetization vector T} parallel with the resistor longi-
turdinal body avis, which is in turn skewed n/4 radian with the bias field
ﬁ‘l’,' The I_!T,, is selected such that the resultant magnetization vector \1'
is 7’4 radian with respect to_f‘, and normal to the device input axis. Mag-
netic fields alcotig the input axis will cause ST' to rotate away from.f.
tincreasing 7) causing element A to increase in resistance, The same sig-
ral will cause §T" to rotate toward} (decreasing g) in element B resulting
in a lecrease in resistance, The integrated biased magnetometer uses
suweral series connected 2lements oriented such that R| and R4 increase
and }{2 and R5 decrease with input signals. This configuration, shown in
Ifignre A-5 provides a bridge that is biased at the optimum point for linearity

and sensitivitv and also makes all four resistors active. Sensitivities of
0.3 mV/oersted/volt are typical with this arrangement ( 3mV /oersted at
6.0 volts VB). 1

The power consumption of the bridge can be controlled by the bridge

insertion resistance R;. R,

and width of the NiFe films. The limiting factor on large values of Ry is

is in turn controlled by the thickness, length




due to the degradation of the magnetic properties of very thin, narrow ele-
ments. Values of R; in the 100 K ohm range are feasible and are currently
under evaluation at Honeywell],

Preliminary results indicate that the magnetoresistive bridge (MREB)
will be able to meet the following specifications:

Linearity: 5 percent over 0,001 to 1.0 Orsteads
Temp. Sensitivity: 2.5 percent over -40°C to +55°C
This represents significant improvement over existing magnetometers,
NOTE -

The above is taken from "Design and Fabrication of a Digital Magnetometer

Compatible with the Improved CHOS Hybrid Microcomputer" Unclassifed Docu-

ment No. 45551-1.
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Figure A-4 Integrated Magnetometer Biased Configuration
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Properties of P.Z. Materials for Spin Sensing Applications

Spin Sensors

The proposed spin sensor consists of a mass (M) compressing a piezoelectric
crystal to produce a voltage (V) proportional to the spin rate (X).

¢ 'm  Piezo

{ p— R gy

|

(1) V (volts) = 477 2 R (m) X2 (RPS)? M (Kg) dgy (C/NE)*
c c (F)

. +
piezo external

The piezoelectric properties of the crystal are:
d33 in colombs/newtons € in F/m or C/mv
5 Coiezo =€A/1

The effective spin radius R will be at the center of the mass (M). It is
assumed that for maximum output the piezo will always be mounted at 0.625
inches from spin center. This leads to:

(2) R = .625 - 1 1 /2

piezo ~ ' mass

The simplest assembly would consist of a mass and crystal of equal diameters
epoxied together and mounted on the PW Board 1ike a standard component. The
reason for keeping the diameters equal is to prevent interference from the
potting compound. Under this condition the radius factors cancel out, leaving
the voltage at a particular RPM to be:

(3) v=KR 1 m Tx K = Constant
R = Spin radius = .625 - 1x - lm /2
]x = Piezo length
1m = Mass length

Evaluating this equation shows that for any length piezo ( 1x), the maximum

voltage will result at: lm s 625 - ]x

and the optimum lengths are: 1m = 0,417 in.
]x = (0,208 in.

B8-1




d33 = 350 pC/Nt

€ = .0142 .« F/m

]x .208 in.

and a mass with the properties

For example: a piezo with the properties

Honeywell C-16 Army A11 Arm L.._ 0O

M/Vol = 7530 Kg/mS (steel)
Tm = .417 in.
V(1700 RPM) = 1.7 volts

V(1100 RPM) = 0.73 volts

The voltage could be increased
proportionally by using a denser

mass like brass or lead.

For the Navy version a
330pF external capacitor
can be added to compensate
for the higher RPM levels

V(4500 RPM) = 1.7 volts
V(3000 RPM) = 0.77 volts

B-2

BEST

i. 0z =FPH

30?.0-03 =PARD

.0 00 =C-2

531.--06 =E=G

150, 0-03 =F -2

-"1:."'-03 =L -H

TS, N-03 =L-

Army No Arm el T

.l 0 o=pEn

GooO5 =0-3

145, T-08 =ERG

1 001, 03 =Rp-=
$:i7V.0-03 =L-M

TS 0 -0T =L =X
Navy L. =
A1l Arm _ ST 03 =Rt
ST =03 =R8D
C-External-i:li, 13-12 =C-8§
S, 9-DY =Rt
LD .08 =R-x
ST =03 =L -m
SUR, 3-03 =L
Navy S 2oy =\
No Arm Ton QY =RFR
EN?.G-DS =RRZ
C-External — =+t 2“L}|§ =&é‘--i
Q3 =ERG
Radius=Xtale: (i, R-03 =R
ST =L -
LB, eaY =L e



DERIVATION OF SPIN SENSOR EQUATIONS

Piezoelectric Constants — R

d33 COU]OmbS/Nt

3 Far'ad's/m2

OO

= F (N .dgy (C/NE)

Vout (Volts) =

total _ 2
[?e]ocity?] [ (2n_R(m) X_(RPS) ) ]
Ml R M

.625 in

F=Mas= R (m)
2
em
Ctotal = Cpiezo * Cexternal Ix * Coxternal
- 2 A 2
(1) Vv (volts) = 4 7% R {m) X° (RPS)® M(K9) d,, (C/Nt)
cpiezo +C external
M = Vol . Density = mr® g . 7530 (Kg/M3) Steel

For Gyternalt = 0
2

V=4 n2RX ( wr am . 7530) d33
swrz/ Ly
= (4 7% . 7530d33) - X2 (R gm 2y )

€

For a given X (RPS):

v

Constant . (R am 2y )

The effective Spin Radius (R) will be at the center of the mass (M)

(2) R = .625 -2y - m/2

(3) v

KR«m 2y = K\[.GZS AL /a- am Ly
m oy 2. ay Emz/%]

K [.625 im Ly -

|
—




To find the optimum 2 m for a given &y

N 625 4y - 2y% - 2 m = 0

dL
m
.625 - x- m =20

gm = 625 - 2%

To find the optimum system let &m = .625 - ¥

v

[}

KR W A= k ( ¥™2) ( *m) (.625 - am)
2 - 3y

(k/2) (.625

dv _ K 2 _
dv = Kn [1.25 o —32m] - 0

1.25 am = 3
am = 1.25/3 = .417 in.
4y = .625 - gm = .208 in.

B4




POWER SUPPLY /ANALYSIS

A) Power Supply Requirements
For a loss less system: v

1
| REGULATOR  |————\ *
172 A48 ¢ c ) % e=Vee It
it

The relationship between the energy (e) required by the circuit and the
energy(E) that must be stored on the power supply capacitor (C) will be:

v
E A+ A+

A trade-off of choices between A+ and C occurs since for a minimum E:
A+ = ZVcc 'Emin = 2e (2) but capacitance is inversely proportional
to A+ - vct

_ Z C=

e
T -V ()

cc

so for small values of A+, C becomes very large increasing both size and

cost. The optimum value for A+ will depend on the amount of energy avail-
able from the power supply and the volume available for the capacitors.
Until this can be determined a suppiy voltage of 50V will be used.

To get a first estimate of the system's power requirements the basic cir-
cuit diagram shown in Figure 1-1 will be used. For this estimate the cur-
rent required by the logic gates will be assumed to be 10 times the typical
room temperature performance quoted in Motorola's current CMOS data book.
Under those assumptions with a regulated voltage (Vcc) of 5V and a supply
voltage (A+) of 50V the minimum energy required (E) will be:




E C

Spin/Setback (ZQch) (0.5 sec) 2.8 K ergs 22 o F
Revolution Count (20.2 «A)

(1.5 sec) 8.4 .67
Impact/Delay (0.25«A) (120 sec) 8.3 .67
Firing Energy -4 Detonators 4.0 .32

23.5 K ergs 1.88/44 F

When account is taken for sequencing circuitry, regulator and capacitor
losses, and part tolerances an additional 75% to 100% will probably be
required bringing the totals to 40 to 46 K ergs and 3.2 to 3.2,4 F.

T

IR

B) Capacitor Leakage
For a capacitor (c) with a known leakage resistance (RL) the energy re-
maing (EF) after a length of time (t) will be:

2
(4) 5 R @H’)e ‘t/RLﬂ » C

The energy for the final detonator must be sufficient to reliably detonate
after a maximum flight time of 120 sec. Table 1 shows how increasing leak-
age current effects the total energy requirements based on the basic cir-
cuit previously analyzed.

L

c iq/u F
RL in M

Ep (ergs)

R ATl SR R S o .

The trade-off is that the lower IL capacitors are larger and more ex-
pensive than the leakier parts. The problem with the leakier parts is,
obviously, that they require more initial energy. From the tables it
can be seen that very low leakage parts will be needed for the final
detonator and the impact circuits. How much leakage can be tolerated
in the other systems will depend on the total power available and the
actual power requirements of the system.
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BASIC JAN CIRCUIT WITHOUT CONSIDERATION
RESET OR SEQUENCING REQUIREMENTS

FIGURE 1-1
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TABLE

1

ENERGY REQUIRED TO COMPENSATE FOR CAPACITOR LEAKAGE

4.

-

1735

MIL-c. | POLY- | HMYLAR TANTILUM
o | cARBONATE
I, at 100°% | 83421 55514 SOLID

5nA 100 n A 5 « A
BOLT 1 & 2 1000 ergs | 1000 1000 1900 ergs
.5 sec. .08 eF .081 .083 .15 e F
BOLT 3 1000 ergs | 1000 1100 3200 ergs
1.5 sec. .08, F | .08 085 .26 oo F
DETONATOR 1000 ergsi 1300 4200 70,500 ergs
120 sec. .08 ,oF | .M .33 5.6 o F
IMPACT/DELAY KT 10,300 15,000 120,000 ergs
120 sec, ':BO0FS|  Ls3 1.2 9.7 i F

—1.0 — RELATIVE
934 )
f _ ».23 L F

B -8 sov

SIZE




DERIVATION OF POWER SUPPLY EQUATIONS

Ve(t=t') = V.

+ v
Ve(t=0) = A r REGULATOR AL
E+3;CAT2 T C R,

C(A+ - Vec). t!
e Vec [ t' _ Vec t'
E At 1 A2 ¢
e Vee Vee
€ - 2 vee + o Yec Vee
E A+2 « (A" -Vee) = 2 At - I )

e

SOLVING FOR E MAX:

Vce
d e/E _
—= = 2-4 + =0
d Vcc/A+ A
A+ = 2 Vcc

E min = 2e

SOLVING FOR C AS A FUNCTION OF e AND A+

C A+ - Vce

Vee t+

t+

©
(1}

Vecp t!

Vee (A+ - Vee)




IX. Appendix C

| ARRADCOM Magnetic Power Supply Computer Simulation




Subject:

Analysis of the MS09AZ magnetic setback generator for
use in the JAN PD Fuze.

Background:

A magnetic setback generator in one method being con-
sidered to generate the power required for the fuse. ARRADCOM
was requested to run the computer model of the generator de-
veloped for the MS09A2 fuze to ascertain if it will supply :
sufficient energy for the JAN PD fuze application. The ¢
capacitor loads requested were 2, 3 and 4 ufds. The 155 mm !
gun, zone 1, was used as a typical low g forcing function.

Figure 1 shows a cross-sectional view of the MS509A2 magnetic
setback generator.

Laboratory Evaluation

The generator was tested in the laboratory by placing
it in a fixture and driving the gap open by means of a hammer
blow. The gap opening time was measured at approximately
.24 milliseconds. The capacitor values tested were 2, 3 and
4 ufds and the voltage for each case was recorded on a stor-
age oscilloscope. This condition was simulated in the com-
puter model by using a table that linearly opens the gap in
this time frame. Plot 1 shows the gap opening programmed.
Plots 2, 3 and 4 show the predicted and recorded voltages for
each case. As indicated, good correlation was obtained for
all cases,.

Gun Environment

Plot 13 shows the acceleration profile used as a forcing
function in the computer model that calculates the gap opening.
It was obtained from the "Heppner'" report. The results of
their model are shown on Plots SA to E. The Plots are self-
explanatory and the predicted output (Plot SD) is approvimately
28 volts.

If a shear plate is added to the generator so that the
gap would start to open at a higher acceleration level the
gap would open faster and a higher voltage should result.
A 1,000 g shear plate was added to the model simply by adding
a 4.9 pound factor to the PFA term. The force was added in
the form of a table that goes from 4.9 pounds to zero in
approximately 20 usec. The results of this model are shown
on Plate 6A to E. As indicated by the plate, the gap opens
later in time and faster. The predicted voltage output (Plot 6D)

c-1




goes up to approximately 30 volts, an increase of about 2
volts. Plots 8 and 9 shows the output voltage for this
model for a 3 and 2 ufd capacitor load.

Coil Modification

It was felt that more voltage would be obtained on
these large values of capacitors if the coil resistance
was lowered. Therefore the gun environment model, with shear
plate, was modified to reflect a coil with 500 turns of ND. 35
wire. The out.put vcltage for this model is shown on Plot 9
and indicates no increase in voltage. The model was rerun
with a 1000 turns of NO. 38 wire coil. The results for a
4, 3, and 2 ufd capacitor load are shown on Plots 10, 11, and
12, As indicated an increase in voltage output did occur.
A summary of the predicted output voltages for two coils and
three capacitor load as well as the stored energy are shown
of Plots 14 and 15.

Conciusions

For the larger values of capacitors required for the
JAN PD Fuze more energy is supplied by the generator if the
number of turns are reduced from 2,000, of number 41, to 1,000
turns of number 38 wire. The increase in voltage and stored
energy are shown on Plots 14 and 15. The peak energy is 27.3
ergs (37 volts on a4 ufd capacitor).
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X. ' Appendix D

3 JAN Fuze Reliability Prediction

e




SUMMARY

The predicted reliability for the JAN Fuze is 97.7 percent. The fuze
reliability diagram is shown in Figure 1. The prediction was made in
two parts, a shock survival reliability and an operational reliability.
The reliabilities are shown in Table 1.

BACKGROUND

The JAN Fuze reliability prediction was made using MIL-HDBK-217C for

the electronics operational failure rates, a Honeywell shock survival
factor for the electronics, Honeywell defect rates for the mechanical
S8A, and Honeywell reliabilities for the explosive components. An
operating temperature of 30%C and a one minute operating time were
assumed for the prediction; however, as seen via Table 1, the operating
time and temperature do not significantly effect the predicted relia-
bility. The primary conclusion is that the fuze will function reliably
for its intended mission if it survives the gun launch. Theiprobability

of surviving the gun launch is 98.0 percent.

The details of the prediction will be retained on file at Honeywell for

reference, and review by DOD representatives when appropriate.
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XI. Appendix E

JAN Fuze Safety Analysis




et S b B A A A

SUMMARY

A JAN Fuze design comparison with MIL-STD-1316B (Safety Criteria for
Fuze Design) is presented in evaluation of the design safety of the
fuze. There are seventeen applicable requirements, and the fuze design
complies with eight, is expected to comply with seven more, partially

complies with one, and does not comply with one requirement.
BACKGROUND

The comparison analysis presented in this section was performed using

the present electrical JAN Fuze design. The design is expected to comply
with all MIL-STD-13168 requirements except safe/arm condition indications.
There is a safe/arm window visible before final fuze assembly, but it

does not have an 2alpha designator - it relies strictly on color coding.
Once the fuze is completely assembled, it is not possible to determine
whether or not it is armed either before or after assembly into the
munition. However, based on the type of ammunition, and past experience
with similar fuzes, this fuze design is expected to comply with the

intent of MIL-STD-1316B, and have a safety failure rate of less than one
in a million. Further safety analyses should be performed as fuze develop-

ment progresses.
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